In recent years, an exotic phenomenon has experimentally been observed by making use of the technique of real-time single-molecule imaging in the infection pathway of adeno-associated viruses in cytoplasm of a living HeLa cell [1, 2] . (Here, the adeno-associated virus is a small virus particle, and the HeLa cell is a line of human (1). However, what is truly remarkable is the fact [1] that, in the case of subdiffusion, α fluctuates between 0.5 and 0.9, depending on localized areas of the cytoplasm. This manifests the heterogeneous structure of the cytoplasm as a medium for stochastic motion. It is noted [1] that this heterogeneity is not due to the forms of existence of the virus (i.e., being free or contained in the endosome). Thus, this phenomenon is in marked contrast to traditional anomalous diffusion [3] discussed for physical systems, such as particle motion in turbulent flow [4] , charge carrier transport in amorphous solids [5] , the flow of contaminated vortex in fluid [6] , chaotic dynamics [7] , porous glasses [8] , and so on.
The experimental result mentioned above poses a novel interesting problem for the physics of diffusion. On the other hand, in biology, it is essential to understand the virus infection process for both designing antiviral drug and developing efficient gene therapy vectors. It is therefore of obvious importance to investigate the virus infection pathway from the physical viewpoint.
In this paper, we study the infection pathway of the adeno-associated virus in the cytoplasm of the living HeLa cell by generalizing traditional theory of anomalous diffusion. We regard the cytoplasm as a medium for stochastic motions of both the free virus and the virus contained in the endosome. Then, we imaginarily divide the medium into many small blocks. In other words, a block is identified with a localized area of the cytoplasm. This procedure seems to be necessary when the infection pathway of the virus in the entire cytoplasm is considered. The mean square displacement of the virus does not always show normal diffusion and/or subdiffusion with a fixed exponent, since the virus in a given localized area moves to neighboring ones before reaching the nucleus of the cell [1] . Thus, the exponent, , α in Eq. (1) locally fluctuates from one block to another in the cytoplasm. Furthermore, we consider that this fluctuation varies slowly over a period of time, which is much longer than the time scale of the stochastic motion of virus in a localized area of the cytoplasm. It is therefore assumed that there is a large time-scale separation in the infection pathway. For the virus in each block, we apply fractional kinetic theory, which generalizes Einstein's approach to Brownian motion [9] . Generalizing traditional fractional kinetic theory, we describe the local fluctuations of the exponent, .
α We propose the statistical form of fluctuations from the experimental data. Then, we show that the proposed form of fluctuations can be derived by the maximum entropy principle [10] .
Let us start our discussion with the motion of the virus in a one-dimensional block (i.e., a segment). To describe it, we consider the following evolution equation based on the scheme of continuous-time random walks [11] : 
Here, s is a characteristic constant with the dimension of time. This characteristic time is an indicative one, at which the virus is displaced. We also impose the condition that ) (τ ψ has the divergent first moment, so that the exponent α is in the interval s Later, we shall show how traditional fractional kinetic theory [12] is derived from Eqs. Equivalently, performing the inverse Laplace transform of Eq. (7), we obtain the following generalized fractional diffusion equation:
where D is the diffusion constant calculated as
For the virus in a given local block, the distribution of fluctuations is taken to be 
